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A B S T R A C T

Background

Osteoporosis is a condition where bones become fragile due to low bone density and impaired bone quality. This results in fractures that
lead to higher morbidity and reduced quality of life. Osteoporosis is considered a major public health concern worldwide. For this reason,
preventive measurements need to be addressed throughout the life course. Exercise and a healthy diet are among the lifestyle factors that
can help prevent the disease, the latter including intake of key micronutrients for bone, such as calcium and vitamin D. The evidence on
whether supplementation with calcium and vitamin D improves bone mineral density (BMD) in premenopausal women is still inconclusive.
In this age group, bone accrual is considered to be the goal of supplementation, so BMD is relevant for the future stages of life.

Objectives

To evaluate the benefits and harms of calcium and vitamin D supplementation, alone or in combination, to increase the BMD, reduce
fractures, and report the potential adverse events in healthy premenopausal women compared to placebo.

Search methods

We used standard, extensive Cochrane search methods. The latest search was 12 April 2022.

Selection criteria

We included randomised controlled trials in healthy premenopausal women (with or without calcium or vitamin D deficiency) comparing
supplementation of calcium or vitamin D (or both) at any dose and by any route of administration versus placebo for at least three months.
Vitamin D could have been administered as cholecalciferol (vitamin D3) or ergocalciferol (vitamin D2).

Data collection and analysis

We used standard Cochrane methods. Outcomes included total hip bone mineral density (BMD), lumbar spine BMD, quality of life, new
symptomatic vertebral fractures, new symptomatic non-vertebral fractures, withdrawals due to adverse events, serious adverse events,
all reported adverse events and additional withdrawals for any reason.
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Main results

We included seven RCTs with 941 participants, of whom 138 were randomised to calcium supplementation, 110 to vitamin D
supplementation, 271 to vitamin D plus calcium supplementation, and 422 to placebo. Mean age ranged from 18.1 to 42.1 years. Studies
reported results for total hip or lumbar spine BMD (or both) and withdrawals for various reasons, but none reported fractures or withdrawals
for adverse events or serious adverse events. Results for the reported outcomes are presented for the three comparisons: calcium versus
placebo, vitamin D versus placebo, and calcium plus vitamin D versus placebo. In all comparisons, there was no clinical diKerence in
outcomes, and the certainty of the evidence was moderate to low. Most studies were at risk of selection, performance, detection, and
reporting biases.

Calcium versus placebo

Four studies compared calcium versus placebo (138 participants in the calcium group and 123 in the placebo group) with mean ages from
18.0 to 47.3 years. Calcium supplementation may have little to no eKect on total hip or lumbar spine BMD aPer 12 months in three studies

and aPer six months in one study (total hip BMD: mean diKerence (MD) −0.04 g/cm2, 95% confidence interval (CI) −0.11 to 0.03; I2 = 71%; 3

studies, 174 participants; low-certainty evidence; lumbar spine BMD: MD 0 g/cm2, 95% CI −0.06 to 0.06; I2 = 71%; 4 studies, 202 participants;
low-certainty evidence). Calcium alone supplementation does not reduce or increase the withdrawals in the trials (risk ratio (RR) 0.78, 95%

CI 0.52 to 1.16; I2 = 0%; 4 studies, 261 participants: moderate-certainty evidence).

Vitamin D versus placebo

Two studies compared vitamin D versus placebo (110 participants in the vitamin D group and 79 in the placebo group), with mean ages
from 18.0 to 32.7 years. These studies reported lumbar spine BMD as a mixture of MDs and percent of change and we were unable to pool
the results. In the original studies, there were no diKerences in lumbar BMD between groups. Vitamin D alone supplementation does not
reduce or increase withdrawals for any reason between groups (RR 0.74, 95% CI 0.46 to 1.19; moderate-certainty evidence).

Calcium plus vitamin D versus placebo

Two studies compared calcium plus vitamin D versus placebo (271 participants in the calcium plus vitamin D group and 270 in the placebo
group; 220 participants from Woo 2007 and 50 participants from Islam 2010). The mean age range was 18.0 to 36 years. These studies
measured diKerent anatomic areas, one study reported total hip BMD and the other study reported lumbar spine BMD; therefore, data were
not pooled for this outcome. The individual studies found no diKerence between groups in percent of change on total hip BMD (−0.03, 95%
CI −0.06 to 0; moderate-certainty evidence), and lumbar spine BMD (MD 0.01, 95% CI −0.01 to 0.03; moderate-certainty evidence). Calcium

plus vitamin D supplementation may not reduce or increase withdrawals for any reason (RR 0.82, 95% CI 0.29 to 2.35; I2 = 72%; 2 studies,
541 participants; low-certainty evidence).

Authors' conclusions

Our results do not support the isolated or combined use of calcium and vitamin D supplementation in healthy premenopausal women as a
public health intervention to improve BMD in the total hip or lumbar spine, and therefore it is unlikely to have a benefit for the prevention
of fractures (vertebral and non-vertebral).

The evidence found suggests that there is no need for future studies in the general population of premenopausal women; however, studies
focused on populations with a predisposition to diseases related to bone metabolism, or with low bone mass or osteoporosis diagnosed
BMD would be useful.

P L A I N   L A N G U A G E   S U M M A R Y

Calcium and vitamin D for improving bone health in healthy premenopausal women

Key messages

The evidence suggests that calcium, vitamin D, or calcium plus vitamin D supplementation has no eKect on bone mineral density at any
site (hip or spine) in healthy premenopausal women.

What is osteoporosis?

Osteoporosis is characterised by low levels of calcium and other types of minerals in the bones (called bone mineral density). This causes
holes to form inside the bones and the outer walls of the bone to become thin making the bones more fragile, which may lead to increased
fractures and breaks.

Osteoporosis constitutes a major public health problem and contributes to more than 8.9 million broken bones annually, which means
that on average, an osteoporotic fracture occurs every three seconds. Supplements of calcium and vitamin D are oPen recommended for
women aPer menopause (although not everyone agrees), but adequate supplementation of calcium and vitamin D is always recommended
in institutionalised people (e.g. people living in care homes) and people taking osteoporosis treatment. Little is known about the eKect of
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calcium and vitamin D on the bone density of women who have not yet started menopause. There are few studies in this age group and
the results are inconclusive. In this age group, increasing bone strength and health is considered the goal of supplementation, so BMD is
relevant.

What did we want to find out?

We wanted to determine if calcium and vitamin D were able to increase the mineral content of bones and reduce the risk of fractures, and
to report potential side eKects of supplementation.

What did we do?

We searched medical databases for well-designed clinical studies of calcium and vitamin D supplementation alone or in combination
compared with placebo (dummy treatment) in healthy women aged 18 to 45 years (premenopausal). We analysed three combinations:
calcium versus placebo, vitamin D versus placebo, and calcium plus vitamin D versus placebo, administered for at least three months.
We looked at their eKects on increasing minerals in the bones of the hip and spine, if the women had vertebral (backbone) or any other
fractures during the study, eKects on quality of life, and if these women had to stop the supplementation because of side eKects.

What did we find?

We included seven studies with 941 healthy premenopausal women with an average age per study of 18 to 42.1 years. The women were
randomly assigned to receive supplementation of calcium, vitamin D, or vitamin D plus calcium, or placebo.

Main results

There was no diKerence in bone mineral density in any of the groups being supplemented with calcium, vitamin D, or calcium plus vitamin
D compared with placebo. The studies did not report fractures (from any anatomical site), quality of life, or stopping the supplementation
for side eKects.

What are the limitations of the evidence?

The common limitations in the methods of the studies included small numbers of participants, studies, and data; problems in adherence
to treatment, participants may have known which treatment they received; and lack of information for withdrawals from treatment. The
funding for the studies was provided by institutional, academic, government, and pharmaceutical industries.

How up to date is this evidence?

The evidence is up to date to April 2022.
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Summary of findings 1.   Calcium compared to placebo for increasing bone mineral density in premenopausal women

Calcium compared to placebo for increasing bone mineral density in premenopausal women

Patient or population: premenopausal women (age 18−47.3 years)
Setting: community
Intervention: calcium
Comparison: placebo

Dosage: calcium carbonate 1500 mg (3 capsules of 500 mg with each meal); calcium elemental 1000 mg (1 tablet a day), citrate 1000 mg (1 tablet a day), and carbonate 1000
mg (2 chewable tablets a day)

Anticipated absolute effects* (95% CI)Outcomes Relative ef-
fect
(95% CI) Without cal-

cium
With calcium Difference

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

What happens

Total hip BMD
assessed with: DXA (g/

cm2)
Follow-up: mean 12
months

— — — MD 0.04 g/cm2

lower
(0.01 lower to
0.03 higher)

174 (3 RCTs) ⊕⊕⊝⊝

Lowa,b

Calcium alone supplementation
may have little to no effect on total
hip BMD in healthy premenopausal
woman.

Lumbar spine BMD
(mean SD and % change)
assessed with: DXA (g/

cm2)
Follow-up: mean 12
months

— — — MD 0 g/cm2

(0.06 lower to
0.06 higher)

202 (4 RCTs) ⊕⊕⊝⊝

Lowa,b

Calcium alone supplementation
may have little to no effect on
BMD lumbar spine in healthy pre-
menopausal woman.

Quality of life — — — — — — Not reported

Vertebral fracture — — — — — — Not reported

Non-vertebral fracture — — — — — — Not reported

Withdrawals from the
study for any reason

RR 0.78
(0.52 to 1.16)

27.6% 21.6%
(14.4% to
32.1%)

6.1% lower
(13.3% lower to
4.4% higher)

261 (4 RCTs) ⊕⊕⊕⊝

Moderatec

Calcium alone supplementation
does not reduce or increase the
withdrawals in the trials.

Serious adverse events — — — — — — Not reported
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMD: bone mineral density; CI: confidence interval; DXA: dual-energy X-ray absorptiometry; RCT: randomised controlled trial; RR: risk ratio; SD: standard deviation.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for studies that carried large weight for the overall eKect estimate rated as high risk of bias due to attrition and other bias: problem with adherence to
treatment in one of three studies.
bDowngraded one level for inconsistency due to one study supplemented with calcium 1500 mg versus two studies supplemented with calcium 1000 mg, a diKerence that was

supported by non-overlapping CIs, I2 greater than 70%, and substantial heterogeneity of eKect estimates.
cDowngraded one level for the studies that carried large weight for the overall eKect estimate rated as unclear risk of bias in almost all domains.
 
 

Summary of findings 2.   Vitamin D compared to placebo for increasing bone mineral density in premenopausal women

Vitamin D compared to placebo for increasing bone mineral density in premenopausal women

Patient or population: premenopausal women (age 18–32.7 years)
Setting: community
Intervention: vitamin D
Comparison: placebo

Dosage: vitamin D3 10 μg (400 IU) or 20 μg (800 IU) (1 tablet a day)

Anticipated absolute effects* (95% CI)Outcomes Relative ef-
fect
(95% CI) Without vita-

min D
With vitamin
D

Difference

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

What happens

Total hip BMD

assessed with: DXA (g/cm2)

— — — — — — Not reported.

Lumbar spine BMD

assessed with: DXA g/cm2

Follow-up: median 12 months

— — — — — — Vitamin D alone supplementation
does not increase the BMD mean
difference in the lumbar spine in

healthy premenopausal woman.a
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Quality of life — — — — — — Not reported.

Vertebral fracture — — — — — — Not reported.

Non-vertebral fracture — — — — — — Not reported.

Withdrawals from the study
for any reason
Follow-up: median 12 months

RR 0.74
(0.46 to 1.19)

21.5% 15.9%
(9.9% to
25.6%)

5.6% lower
(11.6% lower
to 4.1% high-
er)

189 (2 RCTs) ⊕⊕⊕⊝

Moderateb

Vitamin D alone supplementation
does not reduce or increase the
withdrawals in the trials.

Serious adverse events — — — — — — Not reported.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMD: bone mineral density; CI: confidence interval; DXA: dual-energy X-ray absorptiometry; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aThe studies included in these comparisons did not report the same outcomes and reported diKerent units of measure.
bDowngraded one level for imprecision, the CIs included both increased and decreased withdrawals.
 
 

Summary of findings 3.   Calcium and vitamin D compared to placebo for increasing bone mineral density in premenopausal women

Calcium and vitamin D compared to placebo for increasing bone mineral density in premenopausal women

Patient or population: premenopausal women (ages 18–36 years)
Setting: community
Intervention: calcium and vitamin D
Comparison: placebo

Dosage: vitamin D 10 μg (400 IU) + calcium 600 mg (1 tablet a day); vitamin D3 5 μg (200 IU) + calcium 1000 mg (2 sachets per day)

Outcomes Relative ef-
fect
(95% CI)

Anticipated absolute effects* (95% CI) № of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

What happens
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Without cal-
cium + vita-
min D

With calcium
+ vitamin D

Difference

Total hip BMD
assessed with: DXA (g/

cm2)
Follow-up: median 12
months

— — — MD 0.03 g/cm2

lower
(0.06 lower to 0)

408 (1 RCT) ⊕⊕⊕⊝

Moderatea

Calcium and vitamin D combined
supplementation does not increase
total hip BMD mean difference in

healthy premenopausal woman.b

Lumbar spine BMD
assessed with: DXA (g/

cm2)
Follow-up: median 12
months

— — — MD 0.01 g/cm2

higher
(0.01 lower to
0.03 higher)

76 (1 RCT) ⊕⊕⊕⊝

Moderatea

Calcium and vitamin D combined
supplementation does not increase
BMD mean difference in the lum-
bar spine in healthy premenopausal

woman.b

Quality of life — — — — — — Not reported.

Vertebral fracture — — — — — — Not reported.

Non-vertebral fracture — — — — — — Not reported.

Withdrawals from the
study for any reason
Follow-up: median 12
months

RR 0.82
(0.29 to 2.35)

10.0% 8.2%
(2.9% to
23.5%)

1.8% lower
(7.1% lower to
13.5% higher)

541 (2 RCTs) ⊕⊕⊝⊝

Lowc,d

Calcium plus vitamin D supplemen-
tation may not reduce or increase
withdrawals for any reason.

Serious adverse events — — — — — — Not reported.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMD: bone mineral density; CI: confidence interval; DXA: dual-energy X-ray absorptiometry; RCT: randomised controlled trial; RR: risk ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for the studies analysed that carried large weight for the overall eKect estimate rated as unclear risk of bias in more than two domains.
bOutcome included in only one study.
cDowngraded one level, the CIs included both increased and decreased withdrawals.
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B A C K G R O U N D

Description of the condition

Osteoporosis is characterised by low bone mineral density (BMD)
and impaired quality of bone and is considered a major public
health concern worldwide. The main consequence of low BMD
are fragility fractures, mainly at the hip, spine, and wrist (NIH
1993). Fragility fractures may lead to excess mortality, morbidity,
low quality of life (QoL), and chronic pain (Borgström 2013;
Papaioannou 2010).

In 2007, it was estimated that osteoporosis aKected about 200
million people worldwide, and that 75 million of them were from
high-income countries (Europe, Japan, and the USA) (Kanis 2007).
Nine million new fragility fractures occurred in 2000, including 1.6
million of the hip, 1.7 million of the wrist, and 1.4 million of the spine
(Johnell 2004), and impacted in the number of years lived with
disability (YLD) by musculoskeletal disorders (IHME 2018). More-
recent data from the Global Burden of Disease Study 2019, reported
an estimation of 172 million incident fractures (95% uncertainty
intervals (UI) 162 to 196), 455 million (95% UI 428 to 484) prevalent
cases of acute or long-term symptoms of a fracture, and 25.8 million
(95% UI 17.8 to 35.8) YLDs were documented. The increments in
these indicators were huge from 33.4% to 70.1% and age-specific
rates of fractures were highest in the oldest age groups (GBD 2021).

Premenopausal bone mass is an important determinant of bone
density in the postmenopausal period. Osteoporosis prevention
is feasible and should be addressed throughout life, improving
peak bone mass in adolescence and early adulthood, and
decreasing age-related bone loss over adult life, including in the
premenopausal period.

Description of the intervention

Dietary intake and supplementation therapies are common
strategies for maintaining bone mass and consequently preventing
osteoporosis. These strategies include calcium and vitamin D
supplementation. These micronutrients are primarily obtained
from three sources: food, body synthesis process, and
supplements. There are multiple nutritional sources of products
that contribute calcium to the diet, dairy products are a good
source of dietary calcium. Regarding vitamin D, the main source in
humans is the synthesis of this prohormone in the skin through sun
exposure, since vitamin D is only found in small quantities in certain
foods.

Calcium supplements are most commonly available as calcium
citrate or calcium carbonate, and vitamin D can be found in
supplementation products such as ergocalciferol (vitamin D2)

and cholecalciferol (vitamin D3). A combination of both nutrients

is available in diKerent doses and presentations. Calcium and
vitamin D supplements are also prescribed with anti-osteoporotic
medications (e.g. oestrogens, calcitonin, anabolic steroids, etc.) as
they are thought to have additive eKects on the regeneration of
bone (Sánchez 2003).

Clinical trials of calcium and vitamin D supplementation have been
conducted to assess the eKicacy of this strategy for improving BMD
in children and postmenopausal women; the evidence is variable
and reported in Cochrane Reviews and meta-analyses (Rizzoli 2013;
Winzenberg 2006; Winzenberg 2010).

In children, there is no known eKect of calcium supplementation
on the femoral neck or lumbar spine BMD, but review authors
found a small eKect on total body bone mineral content (BMC)
and upper limb BMD in this population (Winzenberg 2006). Vitamin
D supplementation in children showed no eKect on BMC, hip
BMD, and forearm BMD. There was a non-significant tendency for
BMD improvement in children with low mean levels of vitamin D.
However, the review concluded that these results do not support
vitamin D supplementation to improve BMD in healthy children
with normal vitamin D levels (Winzenberg 2010).

The review of calcium supplementation for postmenopausal
women showed that calcium had a small eKect on BMD compared
to placebo (Rizzoli 2013), and USPSTF 2018 argues that a
combination of both nutrients has a beneficial role by increasing
BMD and muscle strength and reduction in the number of falls
in elderly people. However, the evidence remains inconclusive,
as one meta-analysis concluded that recommending vitamin D
supplements to prevent fractures or falls in adults is not justified
(Heneghan 2019), and one Cochrane Review concluded that
vitamin D supplementation probably reduces the rate of falls but
not the risk of falling (Cameron 2018).

How the intervention might work

Calcium is needed for bone formation and other important
physiological processes and the bones are the main storage site of
calcium in the body. Because calcium is lost each day through the
urine, it is important to replace it to maintain adequate levels in the
body. Low serum calcium leads to increased parathyroid hormone
(PTH) and activates 1,25 dihydroxyvitamin D to increase calcium
absorption starting the metabolic pathway of bone metabolism
that includes the calcium and phosphate flux across bone, the
gastrointestinal tract, and the kidneys (ASBMR 2019; IOM 2011).

In addition to the direct eKects on bone, vitamin D has been
associated with muscle strength and the prevention of the risk
of falls. As vitamin D receptors are found in muscle tissue, their
activation leads to muscle protein synthesis. In this way, vitamin
D supplements may improve muscle strength, and decrease the
risk of falls (BischoK-Ferrari 2009; Gupta 2010; Zhu 2010). However,
as mentioned in the Description of the intervention section, the
evidence on whether supplementation of vitamin D is associated
with fall reduction is inconclusive.

Calcium and vitamin D are universally adopted as simple and
inexpensive interventions to improve bone health, and the change
in BMD is measured by dual-energy x-ray absorptiometry (DXA)
appointed as the gold standard (Dunfield 2007; Lewiecki 2016).

Why it is important to do this review

The eKect of calcium and vitamin D on BMD, BMC, or fractures has
been studied in children and postmenopausal women. However,
less is known about the eKects of calcium and vitamin D in
premenopausal women. In February 2013, the US Preventive
Services Task Force (USPSTF) published a systematic review and
meta-analysis of the use of calcium and vitamin D supplements
to prevent fractures in adults, and they concluded that the
evidence was insuKicient to assess the benefits and harms of
the prevention of fractures (Moyer 2013). Cochrane Reviews have
evaluated calcium and vitamin D in children (Winzenberg 2006;
Winzenberg 2010). One recent systematic review focussed on
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vitamin D and vitamin D analogues for preventing fractures in
postmenopausal women and older men (Abshirini 2020), and
another study examined the eKect of calcium supplementation
on femoral and lumbar BMD in postmenopausal women (Avenell
2014). Also in this age group, bone accrual is considered to be
the goal of supplementation, so BMD is relevant when fracture
data are not available. No systematic review has specifically
evaluated premenopausal women; therefore, the primary focus
of this systematic review was whether calcium or vitamin D
supplementation alone or in combination has a positive eKect
on BMD or BMC measured with DXA. In addition, we considered
on vertebral and non-vertebral fractures, QoL, and potential
adverse events in healthy premenopausal women. This review
was conducted according to the guidelines recommended by the
Cochrane Musculoskeletal Group (Ghogomu 2014).

O B J E C T I V E S

To evaluate the benefits and harms of calcium and vitamin D
supplementation, alone or in combination, to increase the BMD,
reduce fractures, and report the potential adverse events in healthy
premenopausal women compared to placebo.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) reported as full-
text and with no language restrictions.

Types of participants

We included trials conducted in healthy premenopausal women,
with or without calcium or vitamin D deficiency, and studies where
the menopausal status was not specified but the age was reported
(commonly classified as 18 to 45 years). Healthy women were
defined as those without an osteoporosis or osteopenia diagnosis,
chronic conditions, cardiovascular disorders, or autoimmune or
inflammatory diseases (e.g. rheumatoid arthritis, osteoarthritis,
fibromyalgia, multiple sclerosis, systemic lupus erythematosus,
diabetes mellitus, and asthma). We excluded studies in pregnant
and lactating women; men; studies where participants had
coexisting medical conditions; secondary causes of osteoporosis;
and corticosteroid-induced osteoporosis. We included studies with
men when information on women was available separately.

Types of interventions

We included trials comparing calcium, vitamin D, or calcium plus
vitamin D with placebo, focusing on three comparisons, regardless
of type or dose of supplementation.

• Calcium alone versus placebo

• Vitamin D alone versus placebo

• Calcium plus vitamin D versus placebo

We excluded trials with a treatment period of less than three
months. We excluded studies with the following co-interventions
of specific anti-osteoporosis therapy: bisphosphonates, hormone
replacement therapy, PTH, selective oestrogen receptor
modulators (SERMs), and strontium ranelate.

Types of outcome measures

Major outcomes

• Total hip BMD measured with DXA in grams/centimetre squared

• Lumbar spine BMD measured with DXA in grams/centimetre
squared

• Quality of life (QoL) for example measured with 36-item Short
Form (SF-36), Menopause Rating Scale, or other types of
instruments for measuring health-related quality of life

• New symptomatic vertebral fractures confirmed by imaging

• New symptomatic non-vertebral fractures confirmed by imaging

• Withdrawals due to adverse events (all adverse events
attributed directly to supplementation or placebo group)

• Serious adverse events (i.e. hospitalisations, or those resulting
in disability or death).

Minor outcomes

• All reported adverse events

• Withdrawals for any reason

Search methods for identification of studies

Electronic searches

We designed a search strategy for the following databases.

• Cochrane Central Register of Controlled Trials (April 2022)
including Ovid and Database of Reviews of EKects (DARE)
(Appendix 1).

• MEDLINE Ovid (1946 to 12 April 2022; Appendix 2).

• Embase Ovid (1947 to 12 April 2022; Appendix 3).

Additionally, we conducted a search on the ClinicalTrials.gov and
the World Health Organization (WHO) International Clinical Trials
Registry Platform (www.who.int/clinical-trials-registry-platform).

The electronic search strategy for MEDLINE is outlined in Appendix
2. We adapted this search strategy for application to other
databases. We used the 'sensitivity and precision maximising
version' filter designed to identify clinical trials described by
Lefebvre 2017.

We examined all databases from inception to April 2022 imposing
no language restrictions.

Searching other resources

We searched the reference lists of other reviews related to our topic
and examined the reference lists of the studies included in this
review.

Data collection and analysis

Selection of studies

Two review authors (LM-S and PC) independently screened titles
and abstracts of all potentially relevant studies, and coded them
as 'retrieve' (eligible or potentially eligible/unclear) or 'do not
retrieve'. We retrieved the full-text study reports/publications,
and two review authors (LM-S and PC) screened the full-text
identifying studies for inclusion, recording reasons for exclusion
of the ineligible studies. We resolved any disagreements through
discussion and, if required, we asked a third review author (PT). We

Calcium and vitamin D for increasing bone mineral density in premenopausal women (Review)
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identified and excluded duplicates and collated multiple reports
of the same study so that each study, rather than each report,
was the unit of interest in the review. We recorded the selection
process with suKicient detail to complete a PRISMA flow diagram
(prisma-statement.org/PRISMAStatement/Default.aspx) and the
Characteristics of excluded studies table.

Data extraction and management

We used a data collection form for recording study characteristics
and outcome data, which was piloted on at least one study in the
review. One review author (LM-S) extracted study characteristics
from included studies. A second review author (PC) spot-checked
study characteristics for accuracy against the trial report. We
extracted the following study characteristics.

• Methods: study design, the total duration of the study, details
of any 'run-in' period, number of study centres and location
(country), study setting, withdrawals, and date of study.

• Participants: sample size, mean age, age range, sex, ethnicity,
vitamin D status (if available), calcium and vitamin D intake (if
available), and inclusion and exclusion criteria.

• Interventions: type of intervention (calcium alone, vitamin D
alone, or calcium plus vitamin D); comparison (placebo or
no intervention group). If data were available, we reported
other alternative comparisons (e.g. calcium plus vitamin D
versus vitamin D alone, or calcium alone). We described the
dosage or type of vitamin D (ergocalciferol or cholecalciferol),
dosage and type of calcium, supplementation period, and
concomitant medications. We excluded comparisons with other
interventions, if it was available the type of comparisons found
were reported.

• Outcomes: in all cases, we extracted the mean or percent of
change from baseline to the endpoint that had been analysed
on an intention-to-treat basis. We analysed data using Review
Manager 2020 and Review Manager Web 2022.
◦ For dichotomous outcomes, we extracted the number of

events and the number of participants per treatment group.
For withdrawals, we extracted data on both the number of
events and the number of participants who were withdrawn
from the studies with a report of withdrawals (for the analysis
we used the final value).

◦ For continuous outcomes, such as a change in BMD at the
total hip and lumbar spine, we recorded mean and standard
deviations (SD) of the percentage of change, median and
25th to 75th percentiles, and the number of participants per
treatment group. For the analysis, we used the final change
data per treatment group. We extracted only crude results.

◦ When hip and vertebral data were available, we conducted
analyses separately by intervention, population, dosage,
type of vitamin D, and type of calcium supplement.

◦ When adverse event data were not available for the
withdrawals, we obtained their data for additional analyses
(withdrawals for any reason).

• Characteristics of the design of the trial as outlined in the
Assessment of risk of bias in included studies section. We
reported in the Characteristics of included studies table whether
outcome data were not provided in a usable form and when data
were transformed or estimated from a graph.

• Notes: we recorded trial funding and statements of competing
interests.

We resolved disagreements by consensus or by involving a third
review author (PT). One review author (LM-S) transferred the
data into Review Manager 2020. We double-checked that data
were entered correctly by comparing the data presented in the
systematic review with the study reports.-

Two review authors (LM-S, PC) extracted data in duplicate from
graphs or figures using Plot Digitizer 2015.

Assessment of risk of bias in included studies

Two review authors (LM-S and PC) independently assessed the risk
of bias for each study using the Cochrane RoB 1 tool using the
criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2017). We resolved disagreements by
discussion or by involving a third review author (PT). We assessed
the risk of bias according to the following domains.

• Random sequence generation (selection bias)

• Allocation concealment (selection bias)

• Blinding of participants and personnel (performance bias)

• Blinding of outcome assessment (detection bias)

• Incomplete outcome data (attrition bias)

• Selective outcome reporting (reporting bias)

We graded each potential source of bias as high, low, or unclear
risk, and provided a quote from the study report along with
an explanation for our decision in the risk of bias table. We
summarised the risk of bias judgements across diKerent studies for
each of the domains listed. Likewise, we considered the impact of
missing data on key outcomes under the limitations and scope of
this systematic revision.

In case important study information was lacking, we contacted the
study authors to obtain such data, using open-ended questions.
When the information on the risk of bias came from unpublished
data or correspondence with trial lists, we reported this in the risk
of bias table.

When considering treatment eKects, we accounted for the risk of
bias for the studies that contributed to that outcome.

We presented the figures generated by the risk of bias tool to
provide summary assessments.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol
(Méndez-Sánchez 2017), and reported any deviations from it in the
DiKerences between protocol and review section of the systematic
review.

Measures of treatment e<ect

We analysed dichotomous data as risk ratios (RR) with 95%
confidence intervals (CIs). We analysed continuous data as mean
diKerence (MD) when the same scale was used to measure an
outcome, along with 95% CIs. If studies used diKerent scales,
we planned to use the standardised mean diKerence. Data were
presented as a scale with a consistent direction of eKect across
studies.

Calcium and vitamin D for increasing bone mineral density in premenopausal women (Review)
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Unit of analysis issues

Where a trial reported multiple trial arms, we included only
the relevant arms but listed the other treatment arms in the
Characteristics of included studies table. When two comparisons
(e.g. calcium versus placebo and vitamin D versus placebo) were
combined using the same units in the same meta-analysis, both
were included. If the same comparisons (e.g. vitamin D versus
diKerent dosages of vitamin D) were combined in the same
meta-analysis, we followed the procedures recommended in the
Cochrane Handbook for Systematic Reviews of Interventions (Deeks
2022).

Dealing with missing data

We contacted investigators or study sponsors in order to verify
key study characteristics and obtain missing numerical outcome
data when possible (e.g. when a study was identified as abstract
only, when data were not available for all participants, or the data
were in a graphical analysis or adjusted). If this was not possible,
and the missing data were considered to introduce serious bias,
we explored the impact of including such studies in the overall
assessment of results by conducting a sensitivity analysis. Any
assumptions and imputations to handle missing data would have
been clearly described and the eKect of imputation explored using
sensitivity analyses.

For dichotomous outcomes (e.g. number of withdrawals due
to adverse events), we calculated the withdrawal rate using
the number of participants randomised in the group as the
denominator. For continuous outcomes (e.g. mean change in BMD),
we calculated the MD based on the number of participants analysed
at that time point. If the number of participants analysed was not
presented for each time point, we used the number of randomised
participants in each group at baseline.

Where feasible (in graphic data), we computed missing SDs from
other statistics such as standard errors, CIs, or P values, according
to the methods recommended in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2022). If SDs could not
be calculated, we imputed them (e.g. from other studies in the
meta-analysis)

Assessment of heterogeneity

We assessed clinical and methodological diversity in terms of
participants, interventions, outcomes, and study characteristics
for the included studies to determine whether a meta-analysis
was appropriate by observing these data from the data extraction
tables. We assessed statistical heterogeneity using the I2 statistic
and Chi2 test.

According to the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2022), the interpretation of an I2 value of 0% to
40% might 'not be important'; 30% to 60% represents 'moderate'
heterogeneity; 50% to 90% represents 'substantial' heterogeneity;
and 75% to 100% represents 'considerable' heterogeneity. We keep

in mind that the importance of the I2 statistic depended on the
magnitude and direction of eKects, and strength of evidence for

heterogeneity. The Chi2 test was interpreted where a P ≤ 0.10
indicated evidence of statistical heterogeneity.

Assessment of reporting biases

We planned to create and examine with a funnel plot to detect
possible small-study biases, but there was an insuKicient number
of studies to allow this (Deeks 2019).

To assess outcome reporting bias, we checked trial protocols
against published reports. For studies published aPer 1 July 2005,
we screened ClinicalTrial.gov for the a priori trial protocol. We
assessed whether selective reporting of outcomes was present.

Data synthesis

We conducted a meta-analysis only where this was meaningful (i.e.
if the treatments, participants, and the underlying clinical question
were similar enough for pooling to make sense).

We used a random-eKects model and performed a sensitivity
analysis with a fixed-eKect model.

Subgroup analysis and investigation of heterogeneity

We did not find suKicient data to perform the following planned
subgroup analysis:

• dosage (vitamin D: 600 IU or less and greater than 600 IU; calcium
1000 mg or less and greater than 1000 mg);

• supplementation time (short term less than 12 months, long
term 12 months or greater);

• baseline vitamin D levels or dietary calcium intake (suKiciency
greater than 30 ng/mL; insuKiciency 11 ng/mL to 29 ng/mL; or
deficiency less than 10 ng/mL).

Sensitivity analysis

We conducted sensitivity analyses to test the robustness of the
treatment eKects on major outcomes, by type of intervention.

Summary of findings and assessment of the certainty of the
evidence

Two review authors (LM-S and PC) independently assessed the
certainty of the evidence using the five GRADE considerations
(study limitations, consistency of eKect, imprecision, indirectness,
and publication bias) to assess the certainty of the body of evidence
as it related to the studies that provided data to the meta-analysis.
This was reported as high, moderate, low, or very low. We used
methods and recommendations described in Sections 8.5 and 8.7,
and Chapters 11 and 12, of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2019; McKenzie 2019). We used
GRADEpro GDT soPware to prepare the summary of findings tables
(GRADEpro GDT; Schünemann 2013). We explained all decisions to
downgrade the certainty of the evidence using footnotes and made
comments to expedite the reader's understanding of the review in
the risk of bias table.

We created summary of findings tables using the major outcomes
for each of the three comparisons.

• Total hip BMD

• Lumbar spine BMD

• QoL

• New symptomatic vertebral fractures

• New symptomatic non-vertebral fractures

• Withdrawals due to adverse events

Calcium and vitamin D for increasing bone mineral density in premenopausal women (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Serious adverse events

R E S U L T S

Description of studies

We summarised the study characteristics under Included studies
and Excluded studies. Full details of each study can be found in the

Characteristics of included studies and Characteristics of excluded
studies tables.

Results of the search

We performed an electronic search on 12 April 2022. Figure 1
presents the results from the screened process of this review.
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Figure 1.   PRISMA flow diagram.
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The search strategy identified 10,466 citations. APer exclusion of
2532 duplicates and screening of the 7934 abstracts and titles for
eligibility, we identified 13 studies for full-text review. We excluded
six studies for the following reasons: two focused on pregnant
women, two compared diKerent doses of calcium, one followed
the intervention for less than three months, and one only included
combined data for men and women.

We included seven RCTs in the review (Andersen 2008; Barger-
Lux 2005; Islam 2010; Rourke 1998; Shapses 2001; Winters-
Stone 2004; Woo 2007). Of these seven RCTs, four assessed the
intervention in the general population, one assessed women on
a weight loss programme, and two in female athletes. These
studies reported data on 941 participants (138 randomised to
calcium supplementation, 110 to vitamin D supplementation, 271
to vitamin D plus calcium supplementation, and 422 to placebo).
All trials used DXA to assess BMD. Six studies reported BMD at
the lumbar spine (Andersen 2008; Barger-Lux 2005; Islam 2010;
Rourke 1998; Shapses 2001; Winters-Stone 2004), and four reported
changes at the total hip (Barger-Lux 2005; Rourke 1998; Winters-
Stone 2004; Woo 2007). We contacted two study authors to request
missing information but received no answer.

Included studies

A full description of included trials and participants is provided
in the Characteristics of included studies table. The principal
outcomes are reported in Table 1, and characteristics of the type
and doses of calcium and vitamin D supplementation in Table 2.

Trial design

The length of these RCTs was three years in two studies (Barger-
Lux 2005; Woo 2007), 12 months in four studies (Andersen 2008;
Islam 2010; Rourke 1998; Winters-Stone 2004), and six months in
one study (Shapses 2001).

Trial setting

Four studies were performed in North America (Barger-Lux 2005;
Rourke 1998; Shapses 2001; Winters-Stone 2004), one in China
(Woo 2007), one in Denmark (Andersen 2008 including Pakistani
population), and one in India (Islam 2010).

Trial size

The review included 941 participants and the sample size of the
individual studies ranged from 28 to 441.

Participants

The mean age of participants ranged from 19.2 to 42.1 years. Four
studies included healthy women from open populations (Andersen
2008; Barger-Lux 2005; Islam 2010; Woo 2007), one study enrolled
women in a weight loss programme (Shapses 2001), and two
studies included non-professional female athletes from a running
community (Rourke 1998: athletes from Division I and Division
III collegiate teams; and Winters-Stone 2004: ran a minimum of
10 miles per week and competed in regional or national running
events). All women were premenopausal.

Four trials reported the mean 25(OH)D levels of both groups at
baseline: Shapses 2001 reported levels greater than 60 nmol/L; Woo
2007 and Islam 2010 reported levels of less than 27 nmol/L, and
Andersen 2008 reported levels between 9.9 nmol/L and 14 nmol/L.
The remaining trials did not report these data.

Five trials provided baseline data on dietary calcium intake for all
groups. Andersen 2008 reported a median intake of 495 mg/day to
533 mg/day. Four studies reported the mean baseline: Barger-Lux
2005 reported an overall mean (both groups) of 605 (SD 181) mg/
day; Winters-Stone 2004 reported a mean calcium intake of 1006
(SD 454) mg/dL in the intervention group and 1294 (SD 263) mg/
dL in the placebo group; Woo 2007 reported a mean in one city
of 446 (SD 249) mg/day and another city of 446 (SD 260) mg/day,
and Shapses 2001 reported a mean of 810 (SD 335) mg/day in the
intervention group and 1005 (SD 390) mg/day in the placebo group.
The remaining trials did not report these data.

Interventions

Calcium

Four trials administered calcium: Winters-Stone 2004 used calcium
carbonate 1000 mg/day in the intervention group (chewable pills
500 mg twice a day); Barger-Lux 2005 calcium carbonate 1500 mg/
day (one 500 mg tablet with each of three meals); Shapses 2001
calcium citrate 1000 mg/day (one tablet a day), and Rourke 1998
elemental calcium 1000 mg once daily (Table 2).

Vitamin D

Two trials administered vitamin D as cholecalciferol (vitamin D3;
Andersen 2008; Islam 2010). One of the trials tested two diKerent
doses of vitamin D: 10 μg (400 IU) once a day and 20 μg (800 IU) once
a day (Andersen 2008). Islam 2010 was a four-arm study with one
arm including vitamin D 10 μg (400 IU) in tablets (Table 2).

Calcium plus vitamin D

Two trials administered calcium plus vitamin D; Woo 2007
administered calcium 1000 mg plus vitamin D 5 μg (200 IU) in two
sachets of milk powder to the intervention group once a day and
Islam 2010 administered calcium lactate 600 mg plus vitamin D 10
μg (400 IU) in tablets once a day (Table 2).

Comparators

Six trials administered a placebo (Andersen 2008; Barger-Lux 2005;
Islam 2010; Rourke 1998; Shapses 2001; Winters-Stone 2004), and
in one trial, participants received no intervention (Woo 2007).

Outcomes

All trials reported BMD; three reported two regions (total hip
and lumbar spine) (Barger-Lux 2005; Rourke 1998; Winters-Stone
2004), one reported total hip only (Woo 2007), and three reported
lumbar spine only (Andersen 2008; Islam 2010; Shapses 2001). All
trials assessed BMD using DXA measured in grams per centimetre
squared. Four studies reported percentage change (Barger-Lux
2005; Islam 2010; Shapses 2001; Woo 2007), two reported mean and
SD (Rourke 1998; Winters-Stone 2004), and one reported median
and 25th to 75th percentiles (Andersen 2008).

None of the trials reported QoL, vertebral fractures, non-vertebral
fractures, withdrawals due to adverse events, or serious adverse
events (Table 1).

Funding

The studies' sources of funding were institutional, academic,
government, and pharmaceutical industries (SmithKline Beecham,
Fonterra Brands Ltd, and Johnson and Johnson).
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Excluded studies

We excluded six studies following a full-text review (Characteristics
of excluded studies table). Two studies included pregnant women
(Jarjou 2010; Liu 2011), two compared two diKerent doses of
calcium (from 200 mg/day to 1300 mg/day) without a placebo
or no intervention group (Riedt 2007; Teegarden 2005), one with
less than three months of follow-up time (Mesinovic 2019), and

one included the total data of men and women without separate
analysis (GaKney-Stomberg 2022).

Risk of bias in included studies

See Figure 2 and Figure 3 for a summary of the risk of bias
assessments across all included trials and individual ratings for
each trial. Full descriptions and review authors' justifications for
the assigned rating are included in the risk of bias tables within the
Characteristics of included studies table.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Allocation

Sequence generation

For sequence generation, three studies were at low risk (Andersen
2008; Islam 2010; Woo 2007), and four studies were at unclear
risk of bias for not specifying the methods used for the sequence
generation (Barger-Lux 2005; Rourke 1998; Shapses 2001; Winters-
Stone 2004). The method for randomisation was equal size block
randomisation (Andersen 2008; Islam 2010), and permuted block
randomisation (Woo 2007).

Allocation concealment

Three studies described allocation concealment adequately and
were at low risk of bias (Andersen 2008; Barger-Lux 2005; Islam
2010). Two studies reported allocation by uninvolved third-parties
(Andersen 2008; Islam 2010), and one study reported central
allocation (pharmacy-controlled) (Barger-Lux 2005). Four studies
did not describe allocation concealment or it was described
insuKiciently; therefore, the risk of bias was unclear (Rourke 1998;
Shapses 2001; Winters-Stone 2004; Woo 2007).

Blinding

Performance bias

Three studies were at low risk of performance bias as they
reported that the drug manufacturer provided the intervention
and placebo and they had the same appearance (Andersen 2008;
Barger-Lux 2005; Islam 2010). Four studies were at unclear risk
as they did not provide suKicient information about participants
and personnel blinding (Rourke 1998; Shapses 2001; Winters-
Stone 2004; Woo 2007); specifically, Rourke 1998 reported having
"probably problems" with contamination of the groups.

Detection bias

All seven studies were at unclear risk of detection bias due to
insuKicient information about outcome assessment.

Incomplete outcome data

Four studies were at low risk of attrition bias (Barger-Lux 2005;
Islam 2010; Winters-Stone 2004; Woo 2007). Two studies were at
high risk of attrition bias; Rourke 1998 lost 33% of participants and
provided an explanation, and they only performed a per-protocol
analysis; in Shapses 2001, the dropouts in the calcium group due

to poor adherence were reassigned to the placebo group in the
analysis. Andersen 2008 was at unclear risk of attrition bias as it
lacked information about withdrawals.

Selective reporting

We assessed the risk of bias due to selective reporting to be unclear
in six studies (Andersen 2008; Barger-Lux 2005; Islam 2010; Rourke
1998; Winters-Stone 2004; Woo 2007). Shapses 2001 was at high risk
of selective reporting bias as the placebo group showed substantial
deviations from the randomised intervention since 37% from the
intervention group who did not comply were then reassigned to the
placebo group.

Other potential sources of bias

Five trials were at low risk of other bias (Andersen 2008; Barger-
Lux 2005; Islam 2010; Winters-Stone 2004; Woo 2007). Shapses 2001
was at unclear risk of other bias since the final allocation did not
match with the baseline allocation of participants. Rourke 1998 was
at high risk of other bias due to the report of poor adherence and
compliance with treatment; participants in the placebo group had
a higher dietary calcium intake than the calcium supplementation
group and there was suspicion of contamination between groups.

E<ects of interventions

See: Summary of findings 1 Calcium compared to placebo
for increasing bone mineral density in premenopausal women;
Summary of findings 2 Vitamin D compared to placebo for
increasing bone mineral density in premenopausal women;
Summary of findings 3 Calcium and vitamin D compared to
placebo for increasing bone mineral density in premenopausal
women

Calcium versus placebo

Four studies compared calcium versus placebo, which included
261 healthy premenopausal women (138 received calcium and 123
received placebo) (Summary of findings 1; Barger-Lux 2005; Rourke
1998; Shapses 2001; Winters-Stone 2004).

The studies used elemental calcium 1000 mg, carbonate calcium
1500 mg, carbonate calcium 1000 mg, and calcium citrate 1000 mg
compared with placebo (Barger-Lux 2005; Rourke 1998; Shapses
2001; Winters-Stone 2004; see Table 2 for further details on the
intervention).
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Total hip bone mineral density

Three studies including 174 participants reported the eKect of
calcium on total hip BMD (Barger-Lux 2005; Rourke 1998; Winters-
Stone 2004). Calcium supplementation may have little to no eKect

on total hip BMD at 12 months (MD −0.04 g/cm2, 95% CI −0.11

to 0.03; I2 = 71%; low-certainty evidence; Analysis 1.1; Figure 4).
Barger-Lux 2005 reported percent change and we calculated the
equivalent mean and SD using the Review Manager calculator
(Review Manager Web 2022).

 

Figure 4.   Forest plot of comparison: 1 Calcium versus placebo, outcome: 1.1 Total hip BMD.
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Lumbar spine bone mineral density

Four studies including 202 participants reported the eKect of
calcium on lumbar spine BMD (Barger-Lux 2005; Rourke 1998;
Shapses 2001; Winters-Stone 2004). Calcium supplementation may

have little to no eKect on lumber spine BMD at 12 months (MD 0 g/

cm2, 95% CI −0.06 to 0.06; I2 = 71%; low-certainty evidence; Analysis
1.2; Figure 5). Barger-Lux 2005 and Shapses 2001 reported percent
change and we calculated the equivalent mean and SD using the
Review Manager calculator (Review Manager Web 2022).

 

Figure 5.   Forest plot of comparison: 1 Calcium versus placebo, outcome: 1.2 Lumbar spine BMD.
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Quality of life

No studies reported the eKects of calcium versus placebo on QoL.

New symptomatic vertebral fractures

No studies reported the eKects of calcium versus placebo on new
symptomatic vertebral fractures.

New symptomatic non-vertebral fractures

No studies reported the eKects of calcium versus placebo on new
symptomatic non-vertebral fractures.

Withdrawals due to adverse events

No studies reported the eKects of calcium versus placebo on
withdrawals due to adverse events.

Serious adverse events

No studies reported the eKects of calcium versus placebo on serious
adverse events.

All reported adverse events

No studies reported the eKects of calcium versus placebo on all
reported adverse events.

Withdrawals for any reason

Four studies including 261 participants reported the eKect
of calcium on withdrawals for any reason (Barger-Lux 2005;
Rourke 1998; Shapses 2001; Winters-Stone 2004). There were 63
withdrawals for any reason (29 in the intervention group and 34
in the placebo group) but the original articles did not report the
specific reasons for withdrawals. Calcium supplementation does

not reduce or increase withdrawals (RR 0.78, 95% CI 0.52 to 1.16; I2

= 0%; moderate-certainty evidence; Analysis 1.3; Figure 6).
 

Figure 6.   Forest plot of comparison: 1 Calcium versus placebo, outcome: 1.3 Withdrawals for any reason.
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Sensitivity analyses

In addition, this comparison included a population of athletes
(Rourke 1998; Winters-Stone 2004), and it should be noted that
Rourke 1998 reported potential contamination of groups, which
could cause problems in the interpretation of the results. Therefore,
we performed a sensitivity analysis including only these two studies
in the forest plot, where there remained no evidence of a diKerence
between groups in either mean and total hip BMD (MD 0, 95% CI
−0.05 to 0.05) and lumbar spine BMD (MD 0, 95% CI −0.05 to 0.06).

Vitamin D alone versus placebo

Two studies compared vitamin D versus placebo, which included
189 healthy premenopausal women (110 received vitamin D and
79 received placebo) (Summary of findings 2; Andersen 2008; Islam
2010). The intervention groups included supplementation with
cholecalciferol (vitamin D3) 10 μg to 20 μg (400 IU to 800 IU) in

Andersen 2008 (two intervention groups) and 10 μg (400 IU) in Islam
2010 (see Table 2 for further details).

Total hip bone mineral density

No studies reported total hip BMD.

Lumbar spine bone mineral density

Both studies reported lumbar spine BMD, although it was not
possible to combine the data in a meta-analysis since the units were
diKerent. Islam 2010 reported results as a percentage of change and
Andersen 2008 reported medians with 25th to 75th percentiles.

Neither study reported any diKerence in lumbar spine BMD. Islam
2010 reported the percentage of change (mean: 0.013 (SD 0.036)
with vitamin D versus −0.003 (SD 0.049) with placebo; P = 0.205; MD
0.01, 95% CI −0.01 to 0.03; Analysis 2.1). Andersen 2008 reported a
no diKerence in lumbar spine BMD using median and 25th to 75th
percentiles (vitamin D 10 μg (400 IU): median 1.06, 25th to 75th
percentiles 1.01 to 1.11; vitamin D 20 μg (800 IU): median 0.99, 25th
to 75th percentiles 0.93 to 1.08; placebo: median 1.00, 25th to 75th
percentiles 0.89 to 1.16).
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Quality of life

No studies reported the eKects of vitamin D versus placebo on QoL.

New symptomatic vertebral fractures

No studies reported the eKects of vitamin D versus placebo on new
symptomatic vertebral fractures.

New symptomatic non-vertebral fractures

No studies reported the eKects of vitamin D versus placebo on new
symptomatic non-vertebral fractures.

Withdrawals due to adverse events

No studies reported the eKects of calcium versus vitamin D on
withdrawals due to adverse events.

Serious adverse events

No studies reported the eKects of vitamin D versus placebo on
serious adverse events.

All reported adverse events

No studies reported the eKects of vitamin D versus placebo on all
reported adverse events.

Withdrawals for any reason

Two studies including 189 participants reported the eKect of
vitamin D on withdrawals for any reason (Andersen 2008; Islam
2010). There were 62 withdrawals for any reason (27 in the
intervention group and 35 in the placebo group). Vitamin D
supplementation does not reduce or increase withdrawals (0.74,

95% CI 0.46 to 1.19, I2 = 0%; moderate-certainty evidence; Analysis
2.2; Figure 7). Reported reasons for withdrawals included "lost job,"
"disliked capsule pills," moved to another location, or unclear.

 

Figure 7.   Forest plot of comparison: 2 Vitamin D versus placebo, outcome: 2.2 Withdrawals for any reason.
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Calcium plus vitamin D versus placebo

We identified two studies comparing calcium plus vitamin D
versus placebo including 541 healthy premenopausal women (271
received vitamin D plus calcium group and 270 received placebo)
(Summary of findings 3; Islam 2010; Woo 2007). These studies
measured diKerent anatomic areas, one study reported total hip
BMD and the other study reported lumbar spine BMD; therefore,
data were not pooled for this outcome. Doses administered were
calcium lactate 600 mg plus vitamin D3 10 μg (400 IU) (Islam 2010),

and calcium 1000 mg and vitamin D3 5 μg (200 IU) (Woo 2007).

Total hip bone mineral density

One study including 408 participants reported the eKect of calcium
plus vitamin D on total hip BMD (Woo 2007). The study reported no
diKerence between groups in percent of change on total hip BMD
at six months (0.16 (SD 0.12) in the intervention group and 0.19 (SD
0.19) in the placebo group; P value not reported; MD −0.03%, 95%
CI −0.06% to 0%; Analysis 3.1).

Lumbar spine bone mineral density

One study including 76 participants reported the eKect of calcium
plus vitamin D on lumbar spine BMD (Islam 2010). The study
reported no diKerence between groups in percent of change on
lumbar spine BMD (0.01 (SD 0.04) in the intervention group and
−0.003 (SD 0.049) in the placebo group; MD 0.01, 95% CI −0.01 to
0.03; moderate-certainty evidence Analysis 3.2).

Quality of life

No studies reported the eKects of calcium plus vitamin D versus
placebo on QoL.

New symptomatic vertebral fractures

No studies reported the eKects of calcium plus vitamin D versus
placebo on new symptomatic vertebral fractures.

New symptomatic non-vertebral fractures

No studies reported the eKects of calcium plus vitamin D versus
placebo on new symptomatic non-vertebral fractures.
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Withdrawals due to adverse events

No studies reported the eKects of calcium plus vitamin D versus
placebo on withdrawals due to adverse events.

Serious adverse events

No studies reported the eKects of calcium plus vitamin D versus
placebo on serious adverse events.

All reported adverse events

No studies reported the eKects of calcium plus vitamin D versus
placebo on all reported adverse events.

Withdrawals for any reason

Two studies including 541 participants reported the eKect of
calcium plus vitamin D on withdrawals for any reason (Islam
2010; Woo 2007). There were 52 withdrawals for any reason (25
in the intervention group and 27 in the placebo group). Calcium
plus vitamin D supplementation may not reduce or increase

withdrawals for any reason (RR 0.82, 95% CI 0.29 to 2.35; I2 = 72%;
low-certainty evidence; Analysis 3.3; Figure 8).

 

Figure 8.   Forest plot of comparison: 3 Calcium and vitamin D versus placebo, outcome: 3.3 Withdrawals for any
reason.
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Islam 2010 did not report the reasons for withdrawals. Woo 2007
reported withdrawals such as pregnancy, change of residence, or
illness. See Characteristics of included studies table.

D I S C U S S I O N

Summary of main results

Our review included seven RCTs with 941 participants. The
comparisons were calcium versus placebo (four studies), vitamin
D versus placebo (two studies), and calcium plus vitamin D versus
placebo (one study). From our outcomes of interest, the studies
only reported BMD at the lumbar spine, total hip, or both. Calcium
doses varied from 600 mg to 1500 mg and included various types
of calcium substrates (elemental, citrate, lactate, and carbonate).
Regarding vitamin D, all the studies used cholecalciferol (vitamin
D3); doses varied from 10 µg to 20 µg (400 IU to 800 IU). The length of

the studies varied from six to 12 months. We were able to combine
the data for meta-analysis on four studies (Barger-Lux 2005; Rourke
1998; Shapses 2001; Winters-Stone 2004).

Calcium versus placebo

Calcium supplementation may have little to no eKect on total hip

or lumbar spine BMD (total hip BMD: MD −0.04 g/cm2, 95% CI −0.11
to 0.03; 3 studies, 174 participants; lumbar spine BMD: MD 0 g/

cm2, 95% CI −0.06 to 0.06; 4 studies, 202 participants). None of the
seven RCTs reported our other major outcomes including QoL, new

symptomatic vertebral fracture, new symptomatic non-vertebral
fracture, withdrawals due to adverse events, or serious adverse
events.

Amongst the studies included for the comparison of calcium versus
placebo, we found two studies that recruited female athletes
(Rourke 1998; Winters-Stone 2004), which although in both cases
report being athletes of low performance, could provide results that
could not be generalised to the rest of the population, for multiple
reasons, amongst them the biological fact that exercise can lead to
a greater accumulation of bone. In addition, many female athletes
experience amenorrhoea, which will aKect bone density. However,
both studies reported equal menstrual irregularities (defined as
menstrual cycles occurring at intervals greater than 40 days or at
inconsistent intervals) ranging from three to four occurrences in
both groups (Rourke 1998); or oligomenorrhoeic problems (four to
10 menstrual cycles per year) reported in ranges of one to three
occurrences in both groups (Winters-Stone 2004).

Vitamin D versus placebo

In the vitamin D versus placebo comparison, studies reported
lumbar spine BMD using diKerent units: Islam 2010 used MDs
of the percentage change and Andersen 2008 used 25th to 75th
percentiles; therefore, we were unable to pool data. In the original
studies, there were no diKerences in lumbar BMD between groups
of healthy premenopausal women; therefore, supplementation
with vitamin D had no eKect on lumbar BMD. Regarding
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withdrawals between groups, vitamin D supplementation did not
reduce or increase the withdrawals in the trials reported (RR 0.74,
95% CI 0.46 to 1.19; moderate-certainty evidence).

Calcium plus vitamin D versus placebo

Among the calcium plus vitamin D versus placebo comparison,
one study reported total hip BMD, and another study reported
lumbar spine BMD. These individual studies reported no diKerence
between groups in percent of change on total hip BMD or lumbar
spine BMD (total hip BMD: MD −0.03, 95% CI −0.06 to 0; moderate-
certainty evidence; Woo 2007; lumbar spine BMD: 0.01, 95% CI −0.01
to 0.03; moderate-certainty evidence; Islam 2010). We concluded
that calcium plus vitamin D did not increase or reduce BMD for
the total hip or lumbar spine compared with placebo. Results for
withdrawals for any reason found no diKerence (RR 0.82, 95% CI
0.29 to 2.35; low-certainty evidence).

Overall completeness and applicability of evidence

We performed an exhaustive search for all studies available on this
important topic. The clinical trials that we identified had serious
problems in internal validity (bias, inconsistency, and imprecision)
that in turn impacted external validity and applicability of the
results in similar populations.

Our results would not apply to populations with known deficits
in calcium or vitamin D intake or vulnerable populations (Holick
2011), such as people with eating disorders (Modan-Moses 2014),
bariatric surgery (Bacci 2010), coeliac disease (Haines 2008), or
in populations with vegan diets (Fulgoni 2011; Morehouse-Grand
2014).

Quality of the evidence

The body of evidence identified through these seven studies in
premenopausal women did not allow a robust conclusion regarding
the objectives selected for this review. None of the included studies
reported new symptomatic vertebral and non-vertebral fractures,
QoL, withdrawals due to adverse events, and serious adverse
events.

We have concerns about the methodological quality and the
risk of bias in all studies (Figure 3): the percentages vary for
each type of risk from 10% unclear risk to 100% as follows:
random sequence generation (40% low risk and 60% unclear
risk), allocation concealment (40% low risk and 60% unclear risk),
blinding of participants and personnel (40% low risk and 60%
unclear risk), blinding of outcome assessment (100% unclear risk),
incomplete outcome data (60% low risk, 10% unclear risk, and 30%
high risk), selective reporting (90% unclear risk and 10% high risk),
and other bias (70% low risk, 15% unclear risk, and 15% high risk).

We presented the findings of trials that reported the major
outcomes of interest in the summary of findings tables for each
comparison and used the GRADE approach to assess the certainty
of evidence for each major outcome (Schünemann 2011b). Most
of the evidence was downgraded to low or moderate certainty
based on three factors: risk of bias, inconsistency generated
by heterogeneity, and imprecision with small trials and the CIs
included 0 (no appreciable eKect on total hip BMD or lumbar spine
BMD).

Potential biases in the review process

This review was conducted according to the previously
published protocol (Méndez-Sánchez 2017). While our search was
comprehensive, we might have failed to include some RCTs when
the data were not available by age or specific subgroup. However,
we are quite certain that the substantial RCTs that could provide
the definitive evidence needed in this area were identified by our
search strategy. We undertook systematic processes throughout
the review and a cautious approach when interpreting the
evidence.

Agreements and disagreements with other studies or
reviews

The prevention of osteoporosis in the early stages is a vital strategy
for the prevention of fragility fractures in postmenopausal women;
therefore, decision-makers and medical services need low-cost
and straightforward interventions that could impact bone health
(Burger 2007).

However, defining the eKicacy and safety of calcium or vitamin D
(or both) supplementation is a must before any implementation
regarding supplementation of these nutrients to the general
population or a segment of it is mandatory.

Supplementation strategies with calcium and vitamin D alone or in
combination have been proposed to increase bone quality, prevent
falls, and consequently prevent fractures (IOM 2011). However, the
type of supplementation required must be followed by the target
population that requires it and must be based on evidence of the
eKicacy of these interventions.

As far as we are concerned there are no other reviews that
intentionally examined whether supplementation with calcium,
vitamin D, or calcium plus vitamin D is eKective for low BMD or
in preventing fractures in premenopausal women. USPSTF 2018
found inadequate evidence to estimate the benefits of calcium,
vitamin D, or calcium plus vitamin D to prevent fractures in
community-dwelling men and premenopausal women; however,
we found no analysis of a specific subgroup of premenopausal
women in the publication, and none of the trials included in this
present Cochrane Review were cited in USPSTF 2018. It is important
to mention that the focus of the USPSTF 2018 was on fractures,
and none of the included studies in the present review reported
vertebral and non-vertebral fractures.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The present systematic review aimed to evaluate the eKects
of calcium or vitamin D (or both) on total hip bone mineral
density (BMD), lumber spine BMD, quality of life, new symptomatic
vertebral fractures, new symptomatic non-vertebral fractures,
withdrawals due to adverse events, and serious adverse events. We
reported the BMD outcomes in this population where fracture data
were not available. In addition, in this age group, bone accrual is
considered to be the goal of supplementation, so BMD is relevant.

The evidence suggests that compared to placebo, calcium or
vitamin D alone or in combination used as a supplementation
strategy results in little to no diKerence in all studies that
reported BMD either at the lumbar spine or total hip in healthy
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premenopausal women. The certainty of the evidence is low to
moderate. The clinical trials did not report our other clinically
important outcomes (quality of life, new symptomatic vertebral
fractures, new symptomatic non-vertebral fractures, withdrawals
due to adverse events, and serious adverse events).

Implications for research

Even though the studies included in this review had some
methodological weaknesses, it is noteworthy that they all had the
same direction in the outcomes reported, and there was no positive
eKect in the supplemented group compared with the placebo
group in a diverse population of premenopausal women including
women from the general population, various ethnic groups (from
India, China, Pakistan, and North America), and other special
groups such as non-professional athletes and obese women.

Despite the low-certainty evidence, we do not think it is justified
to conduct more studies on healthy premenopausal women.
It would be desirable that the next generation of randomised
controlled trials evaluate these interventions in populations of

premenopausal women with vulnerable conditions, such as people
with eating disorders, bariatric surgery, coeliac disease, or in
populations with special diets such as vegans where it might be
more likely that supplementation might be beneficial. New studies
should measure baseline levels of vitamin D and dietary intake of
calcium to be able to identify population subgroups with a higher
chance of benefitting from the intervention.
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Study characteristics

Methods Randomised, double-blind, placebo-controlled, parallel-group trial (3 groups)

Duration of study: not described

Duration of follow-up: 1 year

Participants Setting characteristic: open population

Inclusion criteria: healthy girls, women, and men (divided for age and groups), of Pakistani origin (im-
migrants or descendants of Pakistani parents) primarily living in the Copenhagen area of Denmark

Exclusion criteria: medications known to affect bone metabolism or S-25OHD concentrations
(antiepileptic drugs, intervention vitamin D metabolites, corticosteroids, thyroid hormones, bisphos-
phonate, oestrogens), serious illness (cancer, liver, or kidney insufficiency), pregnancy, planning preg-
nancy within 1 year, breastfeeding, and serum ionised calcium concentrations 1.5 mmol/L.

Age: 36.2 (range 18.1–52.7) years

Sample:

Total included 199

• Girls: 26 (baseline), 22 (6 months), and 21 (12 months)

• Women: 89 (baseline):
◦ vitamin D 10 µg (400 IU): 30 (baseline), 22 (6 months), and 21 (12 months)

◦ vitamin D 20 µg (800 IU): 30 (baseline), 23 (6 months), and 22 (12 months)

◦ placebo group: 29 (baseline), 20 (6 months), and 19 (12 months)

• Men: 84 (baseline), 69 (6 months), and 41 (12 months)

Country: Denmark

Interventions Comparison: vitamin D3 10 µg (400 IU) or 20 µg (800 IU) vs placebo

Intervention groups:

• vitamin D3 10 µg (400 IU) (girls/women/men)

Andersen 2008 
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• vitamin D3 20 µg (800 IU) (girls/women/men)

Control group:

• placebo

Administration: daily

Duration of treatment: 12 months

Outcomes BMD: whole body and lumbar spine

BMC: whole body and lumbar spine

Biomarkers: serum 25-hydroxyvitamin D, serum intact parathyroid hormone, osteocalcin, urinary
pyridinoline

Anthropometric measured: weight, BMI

Intake: vitamin D and calcium

Notes Study authors reported separate data for girls, women, and men. This review and the meta-analysis in-
cluded only women-specific data.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The subjects … were randomized … in blocks of six using random
numbers."

Allocation concealment
(selection bias)

Low risk Quote: "The subjects (girls, women, and men separately) were randomized (by
an impartial scientist) …"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Scanpharm A/S produced the placebo and vitamin D3 tablets especial-

ly for the present study"

Comment: similar in appearance.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk The authors reported withdrawals in all groups and reasons were not report-
ed. At 12 months, 8 (26%) participants in vitamin D 10 µg (400 IU) group lost, 9
(30%) in vitamin D 20 µg (800 IU) group and 10 (34%) in placebo group.

Selective reporting (re-
porting bias)

Unclear risk Not specified.

Other bias Low risk Population balanced on baseline characteristics.

Andersen 2008  (Continued)

 
 

Study characteristics

Methods Randomised, double-blind, placebo-controlled, parallel-group trial (2 groups)

Barger-Lux 2005 
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Duration of study: May 1995 to April 2000

Duration of follow-up: 36 months

Participants Setting characteristic: open population

Inclusion criteria: healthy women, non-smoking, non-pregnant

Exclusion criteria: height and weight that yielded a BMI > 30 kg/m2, binge-drinking, significant risk of
pregnancy, or more than occasional use of calcium supplements or calcium-containing antiacids

Age: 23.1 (SD 2.7) years

Sample:

Total included 152 (and total report of 87 followed at 36 months) (total of both groups not specified by
group)

• Calcium group: 81 (baseline), 77 (2 months), and 67 (12 months)

• Placebo group: 71 (baseline), 69 (2 months), and 54 (12 months)

Country: USA

Interventions Comparison: calcium versus placebo

Intervention group:

• calcium carbonate 500 mg 3 capsules (1500 mg)

Control group:

• placebo capsules identical in appearance.

Administration: daily consumption of food

Duration of treatment: 36 months

Outcomes BMD: total hip and lumbar spine

BMC: total body, spine L1–L4, and total hip

Biomarkers: serum calcium, urine calcium

Notes Other intervention: (quote) "All participants were also supplied with fully-labeled Geritol® multivitamin
tablets, to be taken once daily to ensure at least minimal status for vitamin D and other trace nutrients.
Ca, placebo, and multivitamin tablets were supplied without charge by the manufacturer (SmithKline
Beecham)."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified.

Quote: "152 were randomly assigned to groups and entered the study."

Allocation concealment
(selection bias)

Low risk Central allocation (pharmacy-controlled) and sequentially numbered drug
containers.

Blinding of participants
and personnel (perfor-
mance bias)

Low risk Quote: "Tablets were packaged in bottles of 90 by the manufacturer; a re-
search pharmacist selected and labeled the bottles."

Barger-Lux 2005  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Study authors reported withdrawals in both groups and the reasons were not
related to the intervention. At 12 months, data for 10 (12%) participants in cal-
cium group and 21 (21%) participants in placebo group were missing. The re-
ported reasons were pregnancy, unwillingness to follow protocol, loss of fol-
low-up, and others.

Selective reporting (re-
porting bias)

Unclear risk Not specified.

Other bias Low risk Baseline imbalance. Characteristics were imbalanced between groups.

Quote: "The 2 groups were well matched except for urine calcium, which was
significantly higher at baseline in those assigned to calcium (0.092 ± 0.007 g/g)
than in those assigned to placebo (0.073 ± 0.005 g/g)."

Comment: we judged this difference was not important in the study popula-
tion.

Barger-Lux 2005  (Continued)

 
 

Study characteristics

Methods Randomised, placebo-controlled, parallel-group trial (4 groups)

Duration of study: 1 year

Duration of follow-up: 1 year

Participants Setting characteristic: open population

Inclusion criteria: healthy women, garment factory located in an urban area belonging to Standard
Group Bangladesh

Exclusion criteria: no history of serious medical conditions, no history of medication known to affect
bone metabolism, no current pregnancies, no lactation within previous 3 years, and residing in the city
for ≥ 2 years

Age: 18–36 years

• Vitamin D + calcium: mean 23.0 (SD 3.6) years

• Vitamin D: mean 22.1 (SD 3.9) years

• Multiple micronutrients + calcium: mean 22.4 (SD 3.3) years

• Placebo: mean 22.9 (SD 3.9) years

Sample:

Total included 200

• Vitamin D + calcium group: 50 (baseline) and 40 (12 months)

• Vitamin D group: 50 (baseline) and 35 (12 months)

• Multiple micronutrients + calcium group: 50 (baseline) and 41 (12 months)

• Placebo group: 50 (baseline) and 37 (12 months)

Islam 2010 
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Country: Bangladesh

Interventions 4 groups

Intervention group:

• vitamin D 10 μg (400 IU) + calcium lactate 600 mg

• vitamin D 10 μg (400 IU)

• multiple micronutrients: vitamin D 10 μg (400 IU) + calcium 600 mg + other micronutrients (vitamin A
800 μg, vitamin E 10 mg, vitamin C 70 mg, thiamine 1.4 mg, riboflavin 1.4 mg, niacin 1.8 mg, vitamin
B6 1.9 mg, vitamin B12 2.6 μg, folic acid 400 μg, copper 2 mg, zinc 15 mg, iron 30 mg, selenium 65 μg,

iodine 150 μg)

Control group:

• placebo capsules identical in appearance

Administration: daily

Duration of treatment: 12 months

Outcomes BMD: lumbar spine L2–L4, femoral neck, femoral neck T-score, trochanter, wards triangle

BMC: femoral neck, trochanter

Biomarkers: 25-hydroxyvitamin D, intact parathyroid hormone, calcium, phosphorus, alkaline phos-
phatase, creatinine.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The randomization was performed for equal-size blocks and carried
out …"

Allocation concealment
(selection bias)

Low risk Quote: "… carried out by a person who was not involved in the project."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Both Ca [calcium] and VD [vitamin D] placebos were donated by the
same companies and were identical to the active tablets".

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Study authors reported withdrawals in all groups and the reasons are not re-
lated to the intervention. At 12 months, 9 (21%) participants in the calcium
plus vitamin D group were lost, 10 (25%) in the vitamin D group, and 15 (42%)
in the placebo group. The reported reasons were lost job, disliked tablets,
moved, no special reason, and became pregnant.

Selective reporting (re-
porting bias)

Unclear risk Not specified.

Other bias Low risk No major baseline imbalance.

Islam 2010  (Continued)
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Study characteristics

Methods Randomised, controlled, parallel-group trial (2 groups)

Duration of study: not specified

Duration of follow-up: 1 year

Participants Setting characteristic: athletes

Included: healthy women, athletes from collegiate teams

Excluded: screened athletes denied the use of steroids, anticonvulsants, or tobacco

Age: 18–22 years

• Calcium: 19.9 (SD 0.2) years

• Placebo: 19.2 (SD 0.3) years

Sample:

Total included 30

• Calcium group: 17 (baseline), 17 (6 months), and 17 (12 months)

• Placebo group: 13 (baseline), 13 (6 months), and 13 (12 months)

Country: USA

Interventions Calcium versus placebo

Intervention group:

• elemental calcium supplementation 1000 mg

Control group:

• placebo

Administration: daily

Duration of treatment: 1 year

Outcomes BMD: lumbar spine (L1–L4), total hip, femoral neck, trochanter, wards triangle, and radius.

Anthropometric measures: height, weight, BMI, % body fat, VO2max.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified.

Allocation concealment
(selection bias)

Unclear risk Not specified.

Rourke 1998 
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not specified.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Incomplete outcome data
(attrition bias)
All outcomes

High risk The reasons for the loss of 33% of the participants were not explained. The
study began with 45 participants and finished with 30 participants. The study
authors presented only the analysis per protocol (calcium group 17 partici-
pants and placebo group 13 participants).

Selective reporting (re-
porting bias)

Unclear risk Not specified.

Other bias High risk Problems with adherence to treatment. "Compliance data suggest that the CS
[calcium] group failed to consume the prescribed 1000 mg daily intake of cal-
cium. Furthermore, subjects in the placebo group reported a higher intake of
calcium when compared with the CS group."

Rourke 1998  (Continued)

 
 

Study characteristics

Methods Randomised, controlled, parallel-group trial (2 groups)

Duration of study: not specified

Duration of follow-up: 6 months

Participants Setting characteristic: participants were in a moderate weight-loss programme

Inclusion criteria: obese healthy women; stable weight for ≥ 3 months before the start of the study

Exclusion: pregnant or lactating within the previous year; history of an irregular menstrual cycle; ill or
taking medication known to interfere with bone metabolism, including oral contraceptives

Age: 42.1 (SD 6.2) years

Sample:

Total included 60

• Calcium group (weight loss): 14 (baseline) and 14 (6 months)

• Placebo group (weight loss): 14 (baseline) and 14 (6 months)

• Placebo group (maintain stable weight): not specified (baseline) and 10 (6 months)

Country: USA

Interventions Intervention group:

• calcium citrate 1000 mg

Control group:

• placebo tablets (giP from Mission Pharmaceuticals, San Antonio, Texas, USA)

Shapses 2001 
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Other intervention: reduced calorie diet was then individually created using the American Diabetic As-
sociation Exchange List.

Administration: daily

Duration of treatment: 6 months

Outcomes BMD: lumbar and total body

BMC: lumbar and total body

Biomarkers: pyridinoline, deoxypyridinoline, N-telopeptide, osteocalcin, parathyroid hormone, and 25-
hydroxyvitamin D

Intake: energy, protein, fat, carbohydrates, calcium, phosphorus, vitamin D, and magnesium.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified.

Allocation concealment
(selection bias)

Unclear risk Not specified.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not specified.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Incomplete outcome data
(attrition bias)
All outcomes

High risk The analysis of the placebo group showed substantial deviations from the ran-
domised intervention.

Selective reporting (re-
porting bias)

High risk The groups assigned initially from the methodology, during the study were ar-
bitrarily reassigned.

Other bias Unclear risk The final allocation did not coincide with the baseline allocation of partici-
pants.

Shapses 2001  (Continued)

 
 

Study characteristics

Methods Randomised, double-blind, placebo-controlled, parallel-group trial (2 groups)

Duration of study: not specified

Duration of follow-up: 1 year

Participants Setting characteristic: athletes

Winters-Stone 2004 
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Inclusion criteria: healthy women, running a minimum of 10 miles per week (16 km per week), and
competing in regional or national running events. The open population of running communities.

Exclusion criteria: diseases known to affect bone metabolism, and were not taking medications known
to alter bone or calcium metabolism (i.e. glucocorticoids, thyroid hormone, parathyroid hormone);
menstrual status was not used as an inclusion criterion but rather was tracked and considered in statis-
tical analyses; oral contraceptive use did not preclude participation in this study since its effect on BMD
in premenopausal women is inconclusive.

Age: 18−35 years

• Calcium group: 24.0 (SD 4.2) years (13 participants)

• Placebo group: 25.1 (SD 4.8) years (10 participants)

Sample:

Total included 51

• Calcium group (weight loss): 26 (baseline), not specified by group (7 months) and 13 (12 months)

• Placebo group (weight loss): 25 (baseline), not specified by group (7 months) and 10 (12 months)

Country: USA

Interventions Intervention group:

• calcium carbonate 1000 mg in chewable tablets (2 tablets of 500 mg)

Control group:

• placebo (2 sugar-based tablets)

Administration: daily 1 in the morning and 1 in the evening

Duration of treatment: 1 year

Outcomes BMD: lumbar spine, total hip, femoral neck, greater trochanter, and femoral mid-shaP

Anthropometric measures: height, weight, body fat

Intake: total energy, carbohydrate, protein, fat, calcium, and phosphorus

Notes After 7 months, report 37 withdrawals were reported, not specified by group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified.

Allocation concealment
(selection bias)

Unclear risk Not specified.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not specified.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Winters-Stone 2004  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Low risk Study authors reported withdrawals in both groups and reasons were not re-
lated to the intervention. At 12 months, 13 (50%) participants in the calcium
group and 15 (60%) in the placebo group were lost. Reported reasons were
lack of interest, injury, relocation, and inability to travel.

Selective reporting (re-
porting bias)

Unclear risk Not specified.

Other bias Low risk No major baseline imbalance.

Quote: "Women in the two study groups were similar for age, height, weight,
menstrual cycle status, and training mileage."

Winters-Stone 2004  (Continued)

 
 

Study characteristics

Methods Randomised, parallel-group trial (2 groups)

Duration of study: not specified

Duration of follow-up: 2 years

Participants Setting characteristic: open population

Inclusion criteria: healthy women, open population of 2 community-living areas in China (Beijing 220
and Hong Kong 221) invited to participate using posters in public places, and Internet mass mailing

Exclusion criteria: medical history of metabolic bone, liver, endocrine, connective tissue, and respira-
tory diseases; cancer; previous operations; those taking medications (diuretics, oral hypoglycaemic
agents, insulin injection, steroids, thyroxine, anticonvulsants, calcium or vitamin D supplements, he-
parin, oestrogens (except oral contraceptives and Depo-Provera)); those with amenorrhoea or early
menopause; current pregnancy, aiming to become pregnant during duration of trial, or breastfeeding

Age: 20−35 years (from Hong Kong and Beijing combined)

• Calcium: 20–27 years (from Hong Kong) and 28–35 years (from Beijing)

• No intervention: 20–27 years (from Hong Kong) and 28–35 years (from Beijing)

Sample:

Total included 441

• Beijing, 220 participants
◦ Calcium group: 110 (baseline) and 98 (12 months)

◦ No intervention group: 110 (baseline) and 103 (12 months)

• Hong Kong, 221 participants
◦ Calcium group: 111 (baseline) and 104 (12 months)

◦ No intervention group: 110 (baseline) and 103 (12 months)

Country: China

Interventions Intervention group:

• 2 sachets of milk powder, consisting of 180–200 kcal, calcium 1000 mg, protein 16.7 g, vitamin D3 5 μg

(200 IU), phylloquinone (vitamin K1) 80 g, magnesium 105 mg, zinc 3 mg, and vitamin A 495 g

Control group:

Woo 2007 
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• no intervention

Administration: daily consumed with food

Duration of treatment: 36 months

Outcomes BMD: lumbar spine, total hip, and whole body

Biochemical indices: serum calcium, phosphate, parathyroid hormone, 25-hydroxyvitamin D, vitamin
K1, calcium/creatinine, alkaline phosphatase, C-terminal cross-linking telopeptide of collagen, total os-

teocalcin, undercarboxylated osteocalcin, undercarboxylated osteocalcin/total osteocalcin, procolla-
gen type I N propeptide, and N-terminal cross-linking telopeptide of collagen/creatinine.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Method of randomisation were permuted blocks (4 per block).

Allocation concealment
(selection bias)

Unclear risk Not specified.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Not specified.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not specified.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Study authors reported withdrawals in all groups and the reasons were not
related to the intervention. At 12 months, 19 (8.6%) participants in the calci-
um group and 14 (6.3%) in the placebo group were lost. The reported reasons
were busy, moved, pregnancy, problems related to milk, and illness.

Selective reporting (re-
porting bias)

Unclear risk Not specified.

Other bias Low risk No major baseline imbalance.

Quote: "P=0.057 for the difference between Beijing and Hong Kong in control
groups."

Woo 2007  (Continued)

BMC: bone mineral content; BMD: bone mineral density; BMI: body mass index; IU: international units; VO2max: maximal oxygen

consumption.
 

Characteristics of excluded studies [ordered by year]

 

Study Reason for exclusion

Teegarden 2005 Population was women taking oral contraceptives. Study authors compared different doses of cal-
cium: low < 800 mg/day; medium 1000–1100 mg/day, or high 1200–1300 mg/day.
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Study Reason for exclusion

Riedt 2007 Included women aged 24–49 years, and compared calcium at different concentrations: 1000 mg vs
200 mg (with no placebo comparison).

Jarjou 2010 Population was pregnant women at 20 weeks of gestation.

Liu 2011 Population was pregnant women attending regular health examinations before delivery (and fol-
lowed up > 6 weeks after delivery).

GaKney-Stomberg 2022 Population was men and women, the total data were reported in unique analyses.

Mesinovic 2019 Reported < 3 months of follow-up.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Calcium versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Total hip bone mineral
density (BMD)

3 174 Mean Difference (IV, Random, 95%
CI)

-0.04 [-0.11, 0.03]

1.1.1 Total hip BMD 3 174 Mean Difference (IV, Random, 95%
CI)

-0.04 [-0.11, 0.03]

1.2 Lumbar spine BMD 4 202 Mean Difference (IV, Random, 95%
CI)

0.00 [-0.06, 0.06]

1.2.1 Lumbar spine BMD 4 202 Mean Difference (IV, Random, 95%
CI)

0.00 [-0.06, 0.06]

1.3 Withdrawals for any rea-
son

4 261 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.52, 1.16]
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Analysis 1.1.   Comparison 1: Calcium versus placebo, Outcome 1: Total hip bone mineral density (BMD)

Study or Subgroup

1.1.1 Total hip BMD
Winters-Stone 2004
Rourke 1998 (1)
Barger-Lux 2005 (2)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 7.01, df = 2 (P = 0.03); I² = 71%
Test for overall effect: Z = 1.03 (P = 0.31)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 7.01, df = 2 (P = 0.03); I² = 71%
Test for overall effect: Z = 1.03 (P = 0.31)
Test for subgroup differences: Not applicable

Calcium
Mean

0.965
1.005
0.897

SD

0.096
0.1031
0.123

Total

13
17
67
97

97

Placebo
Mean

0.962
1.006
0.991

SD

0.114
0.0901
0.123

Total

10
13
54
77

77

Weight

27.4%
32.6%
40.0%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

0.00 [-0.08 , 0.09]
-0.00 [-0.07 , 0.07]

-0.09 [-0.14 , -0.05]
-0.04 [-0.11 , 0.03]

-0.04 [-0.11 , 0.03]

Mean Difference
IV, Random, 95% CI

-0.1 -0.05 0 0.05 0.1
Favours placebo Favours calcium

Footnotes
(1) We used the standard error from baseline, and converted to standard deviation using Review Manager Web.
(2) We used the standard deviation from baseline.

 
 

Analysis 1.2.   Comparison 1: Calcium versus placebo, Outcome 2: Lumbar spine BMD

Study or Subgroup

1.2.1 Lumbar spine BMD
Barger-Lux 2005
Rourke 1998
Shapses 2001
Winters-Stone 2004
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 10.18, df = 3 (P = 0.02); I² = 71%
Test for overall effect: Z = 0.04 (P = 0.97)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 10.18, df = 3 (P = 0.02); I² = 71%
Test for overall effect: Z = 0.04 (P = 0.97)
Test for subgroup differences: Not applicable

Calcium
Mean

1.62
1.03

1.372
1.01

SD

0.102
0.1237
0.1414
0.105

Total

67
17
14
13

111

111

Placebo
Mean

1.677
1.009
1.272
1.026

SD

0.102
0.0901
0.1328

0.08

Total

54
13
14
10
91

91

Weight

32.9%
24.0%
18.9%
24.2%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

-0.06 [-0.09 , -0.02]
0.02 [-0.06 , 0.10]
0.10 [-0.00 , 0.20]

-0.02 [-0.09 , 0.06]
0.00 [-0.06 , 0.06]

0.00 [-0.06 , 0.06]

Mean Difference
IV, Random, 95% CI

-0.2 -0.1 0 0.1 0.2
Favours placebo Favours calcium

 
 

Analysis 1.3.   Comparison 1: Calcium versus placebo, Outcome 3: Withdrawals for any reason

Study or Subgroup

Barger-Lux 2005
Rourke 1998
Shapses 2001
Winters-Stone 2004

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.16, df = 3 (P = 0.98); I² = 0%
Test for overall effect: Z = 1.22 (P = 0.22)
Test for subgroup differences: Not applicable

Calcium
Events

14
1
1

13

29

Total

81
17
14
26

138

Placebo
Events

17
1
1

15

34

Total

71
13
14
25

123

Weight

51.0%
3.2%
2.8%

43.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.72 [0.38 , 1.36]
0.76 [0.05 , 11.11]
1.00 [0.07 , 14.45]
0.83 [0.51 , 1.37]

0.78 [0.52 , 1.16]

Risk Ratio
M-H, Fixed, 95% CI

0.05 0.2 1 5 20
Favours calcium Favours placebo
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Comparison 2.   Vitamin D versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Lumbar spine bone mineral density
(BMD) mean standard deviation

1 75 Mean Difference (IV, Fixed,
95% CI)

0.01 [-0.01, 0.03]

2.2 Withdrawals for any reason 2 189 Risk Ratio (M-H, Fixed, 95%
CI)

0.74 [0.46, 1.19]

 
 

Analysis 2.1.   Comparison 2: Vitamin D versus placebo, Outcome 1:
Lumbar spine bone mineral density (BMD) mean standard deviation

Study or Subgroup

Islam 2010

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: Not applicable

Vitamin D
Mean

0.013

SD

0.036

Total

40

40

Placebo
Mean

0.003

SD

0.049

Total

35

35

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.01 [-0.01 , 0.03]

0.01 [-0.01 , 0.03]

Mean Difference
IV, Fixed, 95% CI

-0.02 -0.01 0 0.01 0.02
Favours placebo Favours vitamin D

 
 

Analysis 2.2.   Comparison 2: Vitamin D versus placebo, Outcome 2: Withdrawals for any reason

Study or Subgroup

Andersen 2008
Islam 2010

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.19, df = 1 (P = 0.66); I² = 0%
Test for overall effect: Z = 1.25 (P = 0.21)
Test for subgroup differences: Not applicable

Vitamin D
Events

17
10

27

Total

60
50

110

Placebo
Events

10
15

25

Total

29
50

79

Weight

47.3%
52.7%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.82 [0.43 , 1.56]
0.67 [0.33 , 1.34]

0.74 [0.46 , 1.19]

Risk Ratio
M-H, Fixed, 95% CI

0.5 0.7 1 1.5 2
Favours vitamin D Favours placebo

 
 

Comparison 3.   Calcium plus vitamin D versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Total hip bone mineral density
(BMD) % change

1 408 Mean Difference (IV, Fixed, 95%
CI)

-0.03 [-0.06, 0.00]

3.2 BMD lumbar spine 1 76 Mean Difference (IV, Fixed, 95%
CI)

0.01 [-0.01, 0.03]

3.3 Withdrawals for any reason 2 541 Risk Ratio (M-H, Random, 95%
CI)

0.82 [0.29, 2.35]

 

Calcium and vitamin D for increasing bone mineral density in premenopausal women (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

41



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Analysis 3.1.   Comparison 3: Calcium plus vitamin D versus placebo,
Outcome 1: Total hip bone mineral density (BMD) % change

Study or Subgroup

Woo 2007

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.80 (P = 0.07)
Test for subgroup differences: Not applicable

Calcium plus vitamin D
Mean

0.1624

SD

0.1242

Total

202

202

Placebo
Mean

0.191

SD

0.191

Total

206

206

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

-0.03 [-0.06 , 0.00]

-0.03 [-0.06 , 0.00]

Mean Difference
IV, Fixed, 95% CI

-0.1 -0.05 0 0.05 0.1
Favours placebo Favours calcium plus vitamin D

 
 

Analysis 3.2.   Comparison 3: Calcium plus vitamin D versus placebo, Outcome 2: BMD lumbar spine

Study or Subgroup

Islam 2010

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)
Test for subgroup differences: Not applicable

Calcium plus vitamin D
Mean

0.01

SD

0.042

Total

41

41

Placebo
Mean

0.003

SD

0.049

Total

35

35

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI

0.01 [-0.01 , 0.03]

0.01 [-0.01 , 0.03]

Mean Difference
IV, Fixed, 95% CI

-0.05 -0.025 0 0.025 0.05
Favours placebo Favours calcium plus vitamin D

 
 

Analysis 3.3.   Comparison 3: Calcium plus vitamin D versus placebo, Outcome 3: Withdrawals for any reason

Study or Subgroup

Islam 2010
Woo 2007

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.42; Chi² = 3.62, df = 1 (P = 0.06); I² = 72%
Test for overall effect: Z = 0.36 (P = 0.72)
Test for subgroup differences: Not applicable

Calcium plus vitamin D
Events

6
19

25

Total

50
221

271

Placebo
Events

13
14

27

Total

50
220

270

Weight

46.2%
53.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.46 [0.19 , 1.12]
1.35 [0.70 , 2.63]

0.82 [0.29 , 2.35]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours calcium plus vitamin D Favours placebo

 

 

Calcium and vitamin D for increasing bone mineral density in premenopausal women (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

42



C
a

lciu
m

 a
n

d
 v

ita
m

in
 D

 fo
r in

cre
a

sin
g

 b
o

n
e

 m
in

e
ra

l d
e

n
sity

 in
 p

re
m

e
n

o
p

a
u

sa
l w

o
m

e
n

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2023 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

4
3

A D D I T I O N A L   T A B L E S

Study BMD total hip BMD lumbar
spine

Quality of life Vertebral
fractures

Non-verte-
bral Frac-
tures

Withdrawals Serious ad-
verse events

Calcium compared to placebo

Barger-Lux 2005 BMDa BMDa NR NR NR Yes NR

Rourke 1998 BMDb BMDb NR NR NR NR NR

Shapses 2001 BMDa BMDa NR NR NR NR NR

Winters-Stone 2004 BMDb BMDb NR NR NR Yes NR

Vitamin D compared to placebo

Islam 2010 NR BMDa NR NR NR NR NR

Andersen 2008 NR BMDc NR NR NR Yes NR

Calcium plus vitamin D compared to placebo

Woo 2007 BMDa BMDa NR NR NR Yes NR

Islam 2010 NR BMDa NR NR NR NR NR

Table 1.   Main outcomes reported in the included studies 

BMD: bone mineral density; NR: not reported.

BMD values reported as:a% change; bmean; c25th to 75th percentiles.
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Author Type of intervention/dosage Type of administration Follow-up

Calcium compared to placebo

Barger-Lux 2005 Calcium carbonate 1500 mg 3 capsules of 500 mg with
each meal

36 monthsa

Rourke 1998 Calcium elemental 1000 mg 1 tablet a day 12 months

Shapses 2001 Calcium citrate 1000 mg 1 tablet a day 6 months

Winters-Stone 2004 Calcium carbonate 1000 mg 2 chewable tablets a day 12 months

Vitamin D compared to placebo

Islam 2010 Vitamin D3 10 μg (400 IU) 1 tablet a day 12 months

Andersen 2008 Vitamin D3 10 μg (400 IU) or 20 μg (800 IU) 1 tablet a day 12 months

Calcium + vitamin D compared to placebo

Woo 2007 Calcium 1000 mg + vitamin D3 5 μg (200 IU) 2 sachets per day 24 months

Islam 2010 Vitamin D3 10 μg (400 IU) + calcium lactate 600 mg 1 tablet a day 12 months

Table 2.   Type and dosage of supplementation of calcium and vitamin D 

aOnly the first 12 months period of this study were included in the analysis.
 

 

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

C1 - Database: EBM Reviews - Cochrane Central Register of Controlled Trials <April 2022>

Search strategy:

--------------------------------------------------------------------------------

1 exp vitamin d/ (4359)

2 vitamin d.tw. (7009)

3 vitamin d2.tw. (167)

4 vitamin d3.tw. (1739)

5 exp Ergocalciferols/ (1116)

6 ergocalciferol$.tw. (157)

7 exp Cholecalciferol/ (2554)

8 cholecalciferol.tw. (878)

9 hydroxycholecalciferol.tw. (104)

10 calcitriol.tw. (778)
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11 dihydroxyvitamin D3.tw. (161)

12 alphacalcidol.tw. (39)

13 Calcium, Dietary/ or Calcium/ (4269)

14 calcium.tw. (16630)

15 Calcium carbonate/ (573)

16 Calcium citrate/ (43)

17 or/1-16 (22739)

18 exp Osteoporosis/ (3661)

19 (bone adj3 loss).tw. (3374)

20 (bone adj3 mineral).tw. (6464)

21 bone mineral densit$.tw. (5500)

22 bmd.tw. (4083)

23 bmc.tw. (668)

24 osteop$.tw. (7612)

25 Fractures, Bone/ (1749)

26 exp Osteoporotic Fractures/ (241)

27 fractur$.tw. (13677)

28 or/18-27 (23723)

29 17 and 28 (4267)

30 exp Men/ not women.sh. (43)

31 postmenopause/ not premenopause/ (4232)

32 "Aged, 80 and over"/ or Aged/ (193254)

33 or/30-32 (195248)

34 29 not 33 (2796)

Appendix 2. MEDLINE search strategy

C1 - Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily <1946 to April 12, 2022>

Search strategy:

--------------------------------------------------------------------------------

1 exp vitamin d/ (54939)

2 vitamin d.tw. (55639)

3 vitamin d2.tw. (1311)

4 vitamin d3.tw. (9283)

5 exp Ergocalciferols/ (4240)

6 ergocalciferol$.tw. (538)

7 exp Cholecalciferol/ (25483)
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8 cholecalciferol.tw. (2243)

9 hydroxycholecalciferol.tw. (1325)

10 calcitriol.tw. (4600)

11 dihydroxyvitamin D3.tw. (7081)

12 alphacalcidol.tw. (95)

13 Calcium, Dietary/ or Calcium/ (267509)

14 calcium.tw. (349385)

15 Calcium carbonate/ (6831)

16 Calcium citrate/ (164)

17 or/1-16 (528515)

18 exp Osteoporosis/ (52807)

19 (bone adj3 loss).tw. (31129)

20 (bone adj3 mineral).tw. (48238)

21 bone mineral densit$.tw. (37275)

22 bmd.tw. (26669)

23 bmc.tw. (6135)

24 osteop$.tw. (102714)

25 Fractures, Bone/ (61461)

26 exp Osteoporotic Fractures/ (4501)

27 fractur$.tw. (235180)

28 or/18-27 (373337)

29 randomized controlled trial.pt. (474740)

30 controlled clinical trial.pt. (92739)

31 randomized.ab. (432962)

32 placebo.ab. (194801)

33 clinical trials as topic.sh. (185287)

34 randomly.ab. (304454)

35 trial.ti. (193546)

36 or/29-35 (1194110)

37 exp animals/ not humans.sh. (4534465)

38 36 not 37 (1098239)

39 17 and 28 and 38 (4176)

40 exp Men/ not women.sh. (3215)

41 *postmenopause/ (11189)

42 "Aged, 80 and over"/ or Aged/ (2898252)
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43 or/40-42 (2907023)

44 39 not 43 (2309)

Appendix 3. Embase search strategy

C1 - Database: Embase Classic+Embase <1947 to April 12, 2022>

Search strategy:

--------------------------------------------------------------------------------

1 vitamin D/ (72514)

2 vitamin d.tw. (85247)

3 vitamin d2.tw. (2348)

4 vitamin d3.tw. (14743)

5 ergocalciferol/ (9929)

6 rgocalciferol$.tw. (0)

7 colecalciferol/ (20044)

8 cholecalciferol.tw. (3586)

9 hydroxycholecalciferol.tw. (1702)

10 calcitriol.tw. (6606)

11 dihydroxyvitamin D3.tw. (9392)

12 alphacalcidol.tw. (162)

13 calcium intake/ (16449)

14 calcium carbonate/ or calcium/ (312839)

15 calcium.ti,ab. (452819)

16 citrate calcium/ (1325)

17 or/1-16 (661825)

18 osteoporosis/ (112550)

19 (bone adj3 loss).tw. (40468)

20 (bone adj3 mineral).tw. (70019)

21 bone mineral densit$.tw. (53277)

22 bmd.tw. (44378)

23 bmc.tw. (9740)

24 osteop$.tw. (157218)

25 fracture/ (104754)

26 fragility fracture/ (16096)

27 fractur$.tw. (307584)

28 or/18-27 (517698)

29 random$.tw. (1392476)
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30 factorial$.tw. (35030)

31 crossover$.tw. (69987)

32 cross over.tw. (30699)

33 cross-over.tw. (30699)

34 placebo$.tw. (290468)

35 (doubl$ adj blind$).tw. (200749)

36 (singl$ adj blind$).tw. (22523)

37 assign$.tw. (360531)

38 allocat$.tw. (137123)

39 volunteer$.tw. (247074)

40 crossover procedure/ (58579)

41 double blind procedure/ (160661)

42 randomized controlled trial/ (538520)

43 single blind procedure/ (33968)

44 or/29-43 (2145428)

45 17 and 28 and 44 (8753)

46 exp Male/ not exp Female/ (2769384)

47 aged/ (2905059)

48 *postmenopause/ or *postmenopause osteoporosis/ (29373)

49 or/46-48 (5383871)

50 45 not 49 (4855)
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes from the protocol (Méndez-Sánchez 2017).

Karen López Casimiro leP the review team and Paulina Correa-Burrows and Rebecca Costello joined the review team.

We did not search "unpublished results" or perform "handsearching" of conference abstracts because the main focus of this review was
on published studies.

Database of Reviews of EKects (DARE) was searched via Cochrane CENTRAL (Ovid).

Since withdrawals for adverse events or serious adverse events were not available, we used withdrawals for any reason.

We did not find enough data to perform the subgroup analysis or summary estimated proposed for the other characteristics included
in the review protocol: dosage (vitamin D: 600 IU or less and greater than 600 IU; calcium 1000 mg or less and greater than 1000 mg);
supplementation time (short term less than 12 months, long term 12 months or greater); and baseline vitamin D levels or dietary calcium
intake (suKiciency greater than 30 ng/mL; insuKiciency 11 ng/mL to 29 ng/mL; or deficiency less than 10 ng/mL).

We did not find data to calculate measures of the intervention in conceptual outcomes as quality of life and the number needed to treat
for an additional beneficial outcome (NNTB) or harmful outcome (NNTH).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Bone Density;  Calcium  [therapeutic use];  Calcium, Dietary  [therapeutic use];  Cholecalciferol  [adverse eKects];  *Fractures, Bone
 [prevention & control];  *Osteoporosis  [drug therapy]  [prevention & control];  Quality of Life;  Randomized Controlled Trials as Topic; 
Vitamin D  [adverse eKects];  Vitamins  [adverse eKects]

MeSH check words

Adolescent; Adult; Female; Humans; Middle Aged; Young Adult
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